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3 heavily featured in research in system d ynam ics; w hilst attributes of the learning environm ent (e.g., how inform ation is presented ) are prim arily add ressed in research w ith an instructional d esign focus. In our stu d y w e explore how prescribing the w ay ind ivid uals interact w ith a sim ulation affects learning behavior and subsequent learning outcom es.
Micro-worlds as Learning Tools
Micro-w orld s are task environm ents attem pting to sim ulate (m ore or less) com prehensively real-w orld problem s and their und erlying principles. Typically sim ulations is expected to be engaging and m otivating, because sim ulations prom ise a m eaningful approxim ation to authentic problem solving (e.g., Chang, Peng & Chao, 2010) . (3) Sim ulations are expected to enable learners to link theory and practice. Learning w ith sim ulations seem s to prom ise a n experiential contextualisation of "textbook know led ge". (4) The use of sim ulations is thought to foster self-d irected learning. Learning is self-d irected in situations w here the learner (rather than a tutor) is in control of the learning experience (Gureckis & Markan, 2012) . For exam ple, a stud ent that actively searches for inform ation that is not read ily available engages in self-d irected learning. When stud ents w ork on sim ulations they, to som e extent, d eterm ine w hich inform ation they are exposed to d epend ing on the d ecisions they m ake. In this regard , sim ulations also represent a snapshot of the real w orld w here em ployees are often expected to continue learning on the job w ith m inim al guid ance. (5) Sim ulations are also believed to help stud ents to practice im portant cognitive and m eta-cognitive skills that are involved in successful problem -solving, such as system atic hypothesis testing and exploration (Beckm ann & Good e, 2014; Burns & Vollm eyer, 2002) . In sum , the use of sim ulations in higher ed ucation contexts is expected to engage and m otivate stud ents, to encourage stud ents to contextualise their know led ge, and to practice problem -solving skills that are applicable across a w id e range of contexts.
In contrast to the m any suggested benefits of using sim ulations in learning, the evid ence as to w hether stud ents actually learn effectively w hen w orking on these tasks is m ixed (Bell, Kanar, & Kozlow ski, 2008; Gosen & Washbu sh, 2004 ; for an early review see Lane, 1995) . Som e stud ies have found sim u lations to provid e effective learning environm ents (Ch ung et al., 2001; Ravert, 2002) , others w ere unable to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 replicate such find ings (Gresse van Wangeheim , Thiry, & Kochanski, 2009; Stouten, H eene, Gellynck & Polet, 2012; N joo & DeJong, 1993; Qud rat-Ullah & Karakul, 2007, see also the d iscu ssion on poor perform ance of participants in problem -based learning environm ents in general, Ellis, Marcus & Taylor, 2005) . Groessler (2004) id entified no less than 15 issues concerning the use of sim ulations as teaching and It is clear that an evaluation of the evid ence for or against the effectiveness of sim ulations as learning tools need s to reflect on various challenges. These challenges inclu d e m ethod ological constraints as w ell as conceptual shortcom ings. With regard to the form er, one m ajor issue is that quite a few stud ies that report positive effects on learning d o not em ploy stud y d esigns that w ould allow such conclusions. Many stud ies, for instance, lack a control group (e.g., Ad obor & Daneshfar, 2006; Cronan et al., 2011; Chung, et al., 2001; H ung, 2008; Qud rat-Ullah, 2010) , w hich challenges the valid ity of claim s that reported perform ance increases can in fact be attributed to the use of the particular sim ulation. Another challenge is am biguity in w hat constitutes an ind icator of learning success. Stud ies variously report on self-perception of learning, know led ge tests, cau sal d iagram s, various perform ance ind icators w ithin the sim ulation, and perform ance in transfer problem s or so-called real-life outcom es.
Stud ent m otivation, and as a consequence stu d ent engagem ent, are often reported to be high w hen sim ulations are em ployed (e.g., Shellm an & Turan, 2006; 6 Chang, et al., 2010) . H ow ever, this d oes not necessarily translate into better learning (Stouten et al., 2012; Ad obor & Daneshfar, 2006) . For instance, Stouten et al. report that w hilst learners had confid ence in the sim ulation, found it a valid m od el of reality, and believed that they had learned important content, no learning w as observed w ith regard to objective learning outcom es (e.g., changes in participants" know led ge). Ind eed , stud ents often perform relatively poorly in sim ulations (Paich & Sterm an, 1993) . Also perform ance ind icators d erived from w ithin the sim ulation are not necessarily a valid ind icator of learning success. "Gam e perform ance" scores often reflect success in pursuing som e sort of optim isation goal (e.g., m axim ising m arket share or m inim ising staff costs). Achieving good perform ance scores requires d ecision-m aking behavior w hich is d ifferent from exploration behavior geared tow ard s the acquisition of structural or functional know led ge about the related ness of d ecision variables and outcom e variables in a sim ulation. In other w ord s, the operationalization of gam e perform ance tend s to rew ard a d ifferent kind of behavior than w hat these scores are supposed to be ind icative of (i.e., learning behavior).
Transfer scores (i.e., perform ance success outsid e the sim ulation it self) can be seen as ind irect learning ind icators at best because su ccess in learning w ithin a sim ulation d oes not alw ays translate into success in other tasks or "real-w orld " com plex, d ynam ic problem s. Beckm ann and Good e (2014) have proposed that such lack of transfer m ight be caused by one of the core features of sim ulations, nam ely their attem pt to provid e a contextualised learning environm ent by using sem antically m eaningful variable labels and cover stories. It can be argued that the em phasis on contextualisation of learning w ith sim ulations com es w ith the risk that learning outcom es (i.e., know led ge and und erstand ing) achieved in m ore or less 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 narrow ly d efined contexts are less likely to be utilised in novel, albeit hom om orphous real-life situations (Beckm ann & Good e).
Various reasons are d iscu ssed for the lim ited effectiveness of sim ulations as learning tools. One potential reason for the "und er -perform ance" of stud ents in sim ulations is that stud ents are cognitively overw helm ed by the com plexity of the task (Gonzalez, 2005; Gonzalez, Vanyukov & Martin, 2005; Wood , et al., 2009 ). Jong, 2006; N joo & d e Jong, 1993 ; for an early analysis see Wolfe, 1975) .
Ped agogical efforts to scaffold necessary system aticity in d ecision -m aking behavior includ e the im plem entation of a "hypothesis scratchpad " (van Joolingen & d e Jong, 1993) that is m eant to facilitate the generation of hypotheses. H ow ever, even the provision of quite explicit hints as to w hat kind of d ecision sequences are likely to generate m ost inform ative system states (Leutner, 1993; Jansson, 1995) have not resulted in a convincingly consistent effect pattern (d e Jong & van Joolingen, 1998, p. 193 ).
Evid ently, just "playing the sim ulation" d oes not necessarily lead to learning (e.g., Gresse van Wangenheim et al., 2009; Pfahl et al., 2001 , Leem kuil & d e Jong, 2012 . "Micro-w orld s d o not w ork on their ow n, m eaning that there probably need s to be som e structuring of the participants" interactions w ith the m icro -w orld to obtain (or increase) learning effects" (Stouten, et al. 2012 , p. 768, see also Bell et al., 2008 . The aim of this stud y w as to contribute to our und erstand ing of how to em bed guid ance and support structures into sim ulation -based learning. We investigate w hether it is possible to help learners better exploit learning opportunities by (a) approaching and exploring the learning task in system atic w ay s, and (b) engaging in d eliberative processing of inform ation. The aim of this stud y w as to test our assum ption that learners in the d yadsetting better utilise learning opportunities of the sim ulation than learners in the ind ivid ual setting (control). By com paring perform ance scores and d ecision tim es betw een the d yad group and the control group , w e test for effects on three levels. We tested for a proximal learning effect, a distal learning effect, and for a deliberation effect. A proxim al learning effect refers to perform ance im provem ents w ithin a sim ulation run (i.e., across the 16 d ecision cycles or trials that constitute a run). A d istal learning effect refers to performance im provem ents across 4 sim ulation runs (each consisting 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
M easures

Simulation
The Employee Managem ent Sim ulation (EMS) is a com p uter-based environm ent that sim u lates the process of managing the perform ance of an em ployee over 16 sim ulated w eeks of business activity. The EMS is based on the Furniture Factory Sim ulation (Good m an & Wood , 2004; Wood & Bailey, 1985) . 
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The EMS includ es three d ecision variables (i.e., goal, guid ance, and rew ard ) and tw o outcom e variables (i.e., em ployee m otivation and em ployee job perform ance). Participants are required to assign perform ance targets (i.e., "goal") and to provid e guid ance and rew ard s to m otivate their em ployee, and then m onitor the im pact of these d ecisions on the em ployee"s sim ulated perform ance. w ill be referred to as performance in the rem aind er of the paper. We also record ed the tim e it took participants to m ake their d ecisions (d ecision tim e) for each sim ulated w eek of business activity (i.e., trial).
Individual Differences M easures
As part of the m anagem ent expertise training and d evelopm ent program , participants w ere assessed on a range of cognitive and personality variables. Details of these tests as w ell as reliability estim ates are provid ed below . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
Design
An experim ental-control group d esign w as em ployed w ith condition (shared learning versus ind ivid ual learning) as a betw een-person factor, and sim ulation run
(1 to 4) as a w ithin-person factor.
The stud y w as carried out in a context analogous to higher ed ucation w here ind ivid uals w ho participated in the sam e teaching session need ed to com plete t he task und er the sam e experim ental cond ition and therefore cluster sam pling w as used . Learner cohorts (i.e., clusters) w ere rand om ly assigned to either the experim ental cond ition (n shared = 36) or control cond ition (n individual = 35). Gend er ratio and age w ere com parable across both groups. One participant from the shared learning group w ithd rew from the programm e and this ind ivid ual"s d ata is not includ ed in the analyses.
Experimental factor: Shared vs individual learning manipulation
The d esign w as introd uced in an attem pt to im prove learning using sim ulations w ith an em phasis on d eliberative processing. During the exploration phase, participants w ere instructed to com plete tw o sim ulation runs. In the shared These tw o sim u lation runs constitute the performance phase of the experim ent.
Procedure
The stud y com prised tw o sessions. In Session 1, learners com pleted the ability tests and personality m easures. Learner cohorts w ere then rand omly allocated to either the shared learning cond ition or the ind ivid ual learning cond ition. The learning task using the sim ulation w ith its exploration phase and perform ance phase w as com pleted in Session 2. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Table 1 show s the m eans, stand ard d eviations and correlations for all stud y variables at the betw een person level (H LM level 3). We first tested w hether there w ere any system atic d ifferences in cognitive ability and personality variables betw een the experim ental and the control group. N o such d ifferences w ere observed .
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Figure2
Highlights  We address the issue of underutilisation of learning opportunities in simulations  71 professionals took part in an experiment using a management simulation  Peer interactions were structured to encourage hypothesis-testing strategies  Simple manipulation of how learners interact with the simulation affected learning  Evidence for proximal, distal and deliberation learning effects is presented *Highlights (for review)
